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Photoinduced electron transfer of rotaxane molecL[les containing various electron-donors and electron-acceptors 
have been revealed to produced high-energy, Iong-]ived charge-separated states with high quantum yields depending 
on the length of the spatially distance between the donor and acceptor in chapter 2. For rotaxanes, through-space 
electron transfer (ET) with distinct flexible distance is posslble, which is very fast compared with collisional 
intermolecular photoinduced eiectron transfer (PET) in solution. With the change of the axle length, the flexibilit), 
and distance between the dono]~ nnd acceptor moieties can be changed. Indeed, in the shorter axle, or sho]~rer 
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distztnce between donor and acceplor, charge separation (CR) via the excited singlet state ol= chro]nphores is possible 
llke as covalently bonded donor-acceptor molecules. In the long axle l'otaxanes with longer distance between donor 
and accepto]~, on the other hand. CS vi~t the excited triplel state of chromphores t2lkes place, which produces the 
radlcal ion pair having triplet-spin character with long I[t'etime. Partition ot' CS via the excited triplet state of 
chromphores in rotaxanes increases with lowering temperatL]re, producing the radical ion pair wlth further long 
lifetime. which suggests thalt the CS via lhe exclted triplet state of chromphores lakes p{ace. which produccs the 
raciical ion pair having trip]et-spin ci]arzlcter with long iifelime. Partition of CS vi~l the excited singlet state of 
chromphores in rotaxanes Increases wilh lowering temperature, p]'odL]cing the radical ion pair wilh further long 
litbtlme, which Suggests thal the CS via the excited singlet state of chromphores in rotaxanes were retarded at low 
temperalure, In the rotaxanes wlth three-co]nponents, mult{-PET steps could be also reve~iled with time-resolved 
tec h n i cl u e s . 
The antlcipated acce]eralion of the charge separation process and deceleration of the charge recombination process 
have been observed in several rotaxane systems. StLidies on l~otaxanes supramolecular systems tlre only in the 
beginning sta*o*es and future studies a]~e 2u~licipated thal will involve more co~np]ex systems ta]~geteci for better charge 
stab[lizalion, and also to perform specific light-driven photochemical proceh'ses. Further et'fo]'ts with respect to 
better design of the amine/porphyrin/phthalocyanine~. -fullerene rotaxane~' systems are needed to improve the 
lifetimes of the charge-separated state. The supramolecul~lr ~lpproach of building rotaxanes including 
(t'ulle]'ene;amine), (fullerene;porphyrin) and (fulle]'ene;phthalocyanine) as componenlh' is beginning to p]'ovide well-
characterized donor-acceptor systems, which cou]d eventual]y be used for the deve]opment of solar energy 
harvesting and opto-eleclronic devices. 
Two types of struclura]ly well-definec], self-assemb]ed zinc poll)hyrin-fu]le]~ene con.jugates were formed by two-
point binding strategies to probe the effect of axial ligation or 7T - Jr type inter2tctions on the photochemica[ charge 
s tabilization in the sup]~amolecular dyads in chapter 3. 
Donor-acceptor nanohybrids comprised of zlnc naphthaiocyanine or zinc porphyrin as electron donor and non-
covalently fLLnctionalized SWNT as electron acceptor were constructed and characterized by various physico-
chemic,~l techniques including TEM, UV-visible-NIR, and e]ectrochemical methods in chapter 4. Occul~'ence of 
photoinduced electron transfe]' in donor-acceptor seif-assembled zinc naphtha]ocyanine (ZnNc) o]' zinc 
porphy]~In(ZnP) - single wall c~trbon nanotube (SWNT) nanohybrlds has beell demonstrated. Nanosecond tT'ansient 
Llbsorption spect]'a revealed that the photoexcltation of the ZnNC or ZnP moiely resulted in lhe one-electron oxidation 
of rhe donor L]nit with a si~T]u]12~neous one-e]ectron l'educrion of SWNl~. The cbar*,_oe sep.l]'ation )'ie]ding ZnNC '-
ImPy-SWNT and ZnP '-1]nPy-SWNT wats fu]~lher confir]ned with the aid of an electron nledi2ltor, hexyl-¥'iologen 
dlcalion (HV~') and an electron-hole shit~ter, l-benzyl-1,4-dlhydronicolinamide. As a result of the photoindLLced 
processes, accumulation of' the radical cation of HV ' was observed wiih near]y 70-9001() yields thus demonh'u'ating 
the importance of lhe present donor-acceptor nanohybrids in photo-generation of reclox products. 
Tetracationic water-soluble porphyrin (H~PI') has been immobillzed by rr - 7T stacking Interactions onto the 
skeleton of carbon nanohorns (CNH), without disrupting their 7r -electronic nelwork as describe in chapter 5. The 
stable aqLleoLIS Solutlon of CNH-H~Pl' nanoensemble was exalllined by both e]ectron microscopy and spect]~oscopic 
techniques. The efficient fluo]~escence quenching of the H~Pi' moiety in the CNH-H~P!' nanoensemble was probed by 
steady-state as well as time-resolved fluorescence emission spectroscopy, suggesting char_~e separation from the 






















































reduced species of methyl viologen was observed by the photo-illumination of CNH-H2Pl' sug~:esting that the 
electron Inigration from the initially formed chai'ge-separated staute takes place. Transient absorption spectroscopy 
gave further insights on the transient species such as the charge-separated stElte CNH --(H2Pl') ', which was 
consumed in the presence of MV2. and hole shifter, Ieavin*o* the reduceci methyl viologen. 
Carbon test tubes (CNTTS) have been dispersed In aqueous solution, probably due to the surface carboxy]ate 
groups. The photo-physicai properties have been investigated by complementary steac[y-state anci time-resolveci 
absorption spectroscopy in chapter 6. Upon photo-excitation of CNTTS, in the presence of methyl viologen ciication 
(MV~') and a hole-trap Such as l-benzyl-1,4-dihydronicotinzmlide (BNAH), the methyl vio]ogen radical cattion MV ' 
was Llccumulated in aqueous solution. This observation suggests that photoinduced charge-separation takes place, 
produclng e{ectron and ho]e on CNTTS, in wlxich electroil migrrates to MVi' generatin_*" MV '. Back electron transfer 
from MV ' to hole on CNTTS may be retarded by the hole transfer to BNAH. From the nanosecond transient 
abso]'ption spectr<~l, gene]~ation of 11le charge-sep,li~ated state ¥vith lifeiime of 30 ns ~~'as confirmed, in addition to 
electron migration rate constant to be 1.6 x lOs= M I s~l 
Upon laser li_*ah~ irradiations of carbon nanopods (CNPs) dispersed in aqLieous so]ution in the presence of 
methylviologen dicatlon (MV!') as an electron pool and a hole-trap, the methyl viologen radical cation MV ' was 
accumulated. Sug',*ests that photoinduced charge-separation lakes place prociucing electron and hole on CNPs. from 
which electron migrates to MV~' generating MV ' in chapter 7. F]-om the nanosecond transient absorptlon spectra, 
'*.'eneration of the charge-separated state on CNPS With [ifetlme of 100 ns was confirmed, in Llddition to electron 
migration rate constant of 1.5 x 100 M-1 s~l 
The present findings may not only broaden the chemical horizon of the smart carbon nanomaterialS utilization, bL[t 
will stimu[ate the research on these unique materials in the photochemlstry field. During applications, the 
accumulated MV ' species are able to furtl~er provide the electron to other Substrates. For example, in a so]ar cell, an 
electron on MV ' may reach an electrode. In a water splitting cell including Pt pLu'ticles an electro[1 on MV ' is 
possible to reduce the Pt particles within the system, which u]timately reduces the H~O molecules producing 
hyd]~ogen. In order to achieve this prospective solar cell prototype, some process optimization shoLLld be carried out 
involving the proper selection of dyes and catalysts for the carbon nanomaterial hybrids. 
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 論文審査の結果の要旨
 本論文は,化学修飾カーボンナノマテリアルの光誘起電子移動過程についてレーザーフォトリシス法を
 駆使して研究した成果をまとめたものである。
 本論文は,全7章からなり,第1章では本研究の意義を述べている。
 第2章では化学修飾フラーレンの光誘起電子移動過程を近赤外領域の時間分解吸収分光法を用いて研
 究し,長寿命の電荷分離状態を確認したことを述べている。この章で研究対象とした分子はフラーレン
 をアクセプターとするロタキサンで,揺らぎを伴う空間を通じた電子移動の機構を解明し,全く新たな
 電子移動系を見出したことが記されている。
 第3章では化学修飾フラーレンと共有結合のみの連結ではなく,配位結合を組み合わせた超分子系を
 研究対象とし,これらは化学修飾フラーレン類を含む超分子での光誘起電子移動過程を解明し,光合成
 モデルとして有効であることを示している。
 第4章では,単層カーボンナノチューブのようにπ電子の発達した材料において化学修飾することに
 よって修飾光吸収体の励起状態からの光誘起電荷分離する過程を過渡吸収で直接的に観測したことが記
 述されている。さらに,カーボンナノチューブの直接励起からも光誘起電荷分離が起ること見出してい
 る。
 第5章では新規単層カーボンナノホーンにおいても同様な光励起活性を見出し,これらカーボンナノ
 ホーンがカーボンナノチューブと同様に広い応用性があることを見出したことが記述されている。
 第6章では多層カーボンナノチューブの一種であるカーボンナノテストチューブにおいても,光誘起
 電荷分離の証拠を見出したことが述べられている。
 第7章では多重カーボンナノチューブであるカーボンナノポットにおいても,光誘起電荷分離を見出
 したことが述べられている。その証拠として,光照射によって添加したメチルビオロゲンに電子が蓄積
 することを見出している。
 最後のまとめとして,これらの研究が電子移動の基礎的な理論の発展に寄与していると共に,太陽光
 照射による水素発生や太陽電池などへの応用の可能性について記述されている。
 以上のことは,自立して研究を行うに必要な高度の研究能力と学識を有することを示している。した
 がった,サンダナヤカサンガランゲドンアトウラ提出の博士論文は,博士(理学)の学位論文と
 して合格と認める。
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